3'-phosphomonoesterase activity was not inhibited by intracellular (or higher) levels of Mg2+. Although PMA activated this enzyme in intact oocytes relative to 5'-phosphomonoesterase activation, it did not enhance overall metabolism, in contrast with reports on other tissues. Compared with the processing of inositol phosphates injected into the intact follicle, homogenization in simulated intracellular medium appeared to alter the activity and/or accessibility of several enzymes. The metabolism of inositol phosphates appears to occur predominantly in the follicle cells surrounding the oocyte, as collagenase treatment followed by defolliculation greatly diminished the rates of metabolism of several inositol phosphates. The presence in Xenopus ovarian follicles of a 3'-phosphomonoesterase activated by protein kinase C in addition to the well-known 3'-kinase suggests that, by forming a reversible interconversion between Ins(1,4,5)P3 and
INTRODUCTION
Binding of agonists to receptors which results in the activation of phospholipase C causes the formation of Ins(1,4,5)P3 and of the protein kinase C activator diacylglycerol. Ins(1,4,5)P3 induces a rise in intracellular Ca2+ which in many tissues is essential for transduction of the agonist signal into cellular action (reviewed by Berridge & Irvine, 1984) . Ins(1, 3, 4, 5) P4, a metabolite of Ins(1,4,5)P3, is also believed to be biologically active, causing changes in the level of intracellular Ca2+ (Irvine & Moor, 1986; Hill et al., 1988) . The accepted general schemes for the metabolism of Ins(1,4,5)P3 and Ins(1,3,4,5)P4 have been deduced from experiments carried out by many investigators working with diverse tissues from several species. Here we compare some unusual metabolic aspects of these biologically active inositol phosphates in the ovarian follicle of Xenopus laevis, both with intact follicle morphology and after homogenization.
The ovarian follicle and oocyte of Xenopus laevis have proved useful for investigation of the responses both of endogenous receptors (e.g. Lacy et al., 1989) and of exogenous receptors which have been translated, processed and rendered active from injected mRNA extracted previously from mammalian tissues (e.g. McIntosh & Catt, 1987) . In immature Xenopus ovarian follicles, inositol phosphates have been shown to be produced on activation of both an endogenous receptor [for acetylcholine (Oron et al., 1985; McIntosh & Catt, 1987) ], and exogenously expressed receptors [for angiotensin II and thyrotropin-releasing hormone (TRH) (McIntosh & Catt, 1987; Oron et al., 1987) , and serotonin (Nomura et al., 1987) ], whereas no inositol phosphates were formed in response to these hormones by control follicles not injected with mRNA.
The morphology of the ovarian follicle may be expected to influence the metabolism of inositol phosphates which are produced by receptor activation. The follicle includes the very large oocyte cell itself (> 1 mm diameter) and a layer of normalsized follicular cells surrounding it, which are in close electrical contact through gap junctions (Browne et al., 1978) . The siting of endogenous receptors is predominantly in the follicular layer of cells (Dascal, 1987; Smith et al., 1987) , whereas exogenous receptors are expected to be expressed in the oocyte itself. Intracellular messengers such as inositol phosphates, cyclic AMP and Ca2+ are likely to be transferred through gap junctions between the two cell types (as between hepatocytes; Saiez et al., 1989) , and also to influence such transfer through the junctions (Browne et al., 1978; Spray et al., 1985) . In addition to follicular cells, the ovarian follicle, when manually detached from the ovary, includes also the theca (containing collagen threaded with capillaries and fibroblasts) and an outer layer of ovarian epithelial cells (Dumont & Brummet, 1978 Samples of approx. 20 ovarian follicles at stages 5 and 6 (Dumont, 1972) were dissected from ovarian tissue in OR-2 medium (Wallace etal., 1974 (Hawkins et al., 1986) , unless otherwise stated. About 15 nCi of [3HJIns phosphate was added to homogenates. Ins-(1,3,4)P3 (0.5 nCi, about 0.3 fmol), Ins(1,4,5)P3 (0.5 nCi, 0.13 fmol) or Ins(1,3,4,5)P4 (0.5 nCi, 0.3 fmol or 5 fmol) were microinjected in 50 nl into whole ovarian follicles. These solutions were taken up into a glass needle (aperture 20,um) which was filled with paraffin oil and attached to a Hamilton Microlab-P programmable pipette set to deliver 50 nI. Phorbol 12-myristate 13-acetate (PMA; Sigma; 60 nM) was added to the medium 2-5 min before injection of tracer into the follicles. Reactions were terminated and Ins phosphates were extracted as described by McIntosh & Catt (1987) , but with phytic acid hydrolysate (35 ,ug of PJ/sample) added to the extraction medium to minimize loss of Ins(1,4,5)P3 (Wreggett et al., 1987) .
Ins phosphates were analysed by h.p.l.c. (Morgan et al., 1987) using a Perkin-Elmer Series 410 BIO pump and controller and 250 mm x 4.6 mm SAX columns (Alltech or Hichrom) with linear or concave gradients from 0-1.6 M-ammonium phosphate, pH 3.35 (79.3 g of diammonium hydrogen phosphate/litre plus about 60 ml of orthophosphoric acid) over 70-90 min, designed to optimize resolution of the peaks of interest. Eluent (1 ml/min) was mixed continuously with ACS II scintillant (Amersham) and counted for radioactivity using a Nuclear Enterprises Isoflo 1 flow liquid scintillation detector, or collected in 0. (Batty etal., 1985) and InsP2 (Downes et al., 1982) were formed rapidly (in less than 3 min), and Ins(1,3,4)P3 [from Ins(1,3,4,5)P4 (Batty et al., 1985; Shears et al., 1987) ], InsP1 and inositol (Storey etal., 1984) were produced more slowly, both in homogenates and after injection of Ins-(1,4,5)P3 into follicles. In the homogenizing medium, no InsP4 was detected in the absence of added ATP (n = 3) (as shown by Irvine et al., 1986a, in (Irvine et al., 1986a) .
In other tissues the 5'-phosphomonoesterase acting on Ins-(1,4,5)P1 has been shown to be stimulated by PMA (Connolly et al., 1986 ; Molina y Vedia & Lapetina, 1986 Ins(l,3,4,5)P4 added to follicle homogenates was not only metabolized to Ins(1,3,4)P3 but also produced a peak of comparable size eluting at the position of Ins(1,4,5)PJ (four experiments; Fig. 1 ). Whereas all the metabolites eluting at the positions of InsP2, Ins(1,3,4)P, and Ins(1,4,5)P1 increased with time, the proportion of the later InsP3 peak diminished during 40 min (Fig. 1) . There was an apparent 3'-phosphomonoesterase activity present which, acting with the Ins(1,4,5)P1 3'-kinase activity observed above, might be expected to produce reversible interconversion of Ins(1,4,5)P3 and Ins(1,3,4,5)P4.
In the absence of addition of ATP to the homogenate, the rate of metabolism of Ins(1,3,4,5)JP was higher (80% conversion compared with 50 % conversion in the presence of added ATP over 30 min). This might be expected, both because of enhanced (Shears et al., 1987) , and also because any Ins(l,4,5)P3 formed would be unable to be converted back to Ins(1,3,4,5)P4, thereby increasing its rate of removal.
The production of a large proportion of Ins(1,4,5)P3 from Ins(1,3,4,5)P4 in whole-cell homogenates has not been reported previously. Small amounts of Ins(1,4,5)P3 (less than 3 %) were formed in GH3 cell homogenates at 4 mM-Mg2" (Dean & Moyer, 1988) al., 1988 ). An inhibitory effect of Mg2`on apparent 3'-phosphomonoesterase was indicated by Doughney et al. (1988) who reported that production of Ins(1,4,5)P3 increased from 0.8 % to 40 % when Mg2+ levels were decreased from 2 mm to nanomolar levels in human erythrocyte membrane preparations.
In homogenates of Xenopus ovarian follicles in a Mg2+-free solution, total metabolism of Ins(1,3,4,5)P1 was decreased to 90 (n = 2) from 400 (n = 2) in 7 min at 4 mM-Mg2+. The peaks of InsP3 were small (in all, 60 of total counts compared with 34 0%), with a predominance of Ins(l ,4,5)P3. When 13 mM-Mg2+ was included in the homogenization solution (n = 2), metabolism of Ins(1,3,4,5)P4 and the ratio of apparent Ins(1,4,5)P3 to Ins(1,3,4)P3 produced (1:1) did not differ significantly from that at 4 mM-Mg2" (P = 0.72, Wilcoxon test). Although both 5'-and 3'-phosphomonoesterase activities were decreased in Mg2+-free solution, the apparent 3'-phosphomonoesterase activity was not inhibited by elevated concentrations of Mg2+, unlike the enzyme described in human erythrocyte membranes (Doughney et al., 1988 (n = 1), while 76 + 3 % (n = 3) of the injected label was metabolized at 45 min compared with 75 % in the homogenate. Oocytes caused to mature by treatment with 1 /LM-progesterone metabolized injected Ins(l,3,4,5)P4 more rapidly (70 %) during 20 min than did immature follicles (36 + 3 %; n = 3).
The 5'-phosphomonoesterase acting on Ins(1,4,5)PJ in erythrocyte membranes also hydrolyses Ins(1,3,4,5)P4 (Connolly et al., 1987) . In other tissues this enzyme has been shown to be stimulated by PMA (Connolly et al., 1986; Molina y Vedia & Lapetina, 1986) . Whereas stimulation of protein kinase C enhanced the activity of the 3'-phosphomonoesterase in intact follicles, neither PMA (60 nM) nor acetylcholine (200 4M) increased the activity of the 5'-phosphomonoesterase (measured as overall rate of metabolism) either in follicle homogenates [with the low-specific activity-isomer: 31 +2 % conversion with PMA (n = 3), 340% conversion with acetylcholine (n = 1) and 35 + 2 % (n = 3) by controls in 30 min] or when injected into cells [with the low-specific-activity isomer: 13.5+0.7% conversion (n = 6) with PMA, 12% conversion (n = 1) with acetylcholine (Ito et al., 1988; Lupu-Meiri et al., 1988; Mahlmann et al., 1989) . Activation of the 3'-phosphomonoesterase activity reported here may contribute to the explanation of these results. Formation of Ins(1,4,5)P3 from Ins(l,3,4,5)P4 injected into unstimulated Xenopus oocytes may cause, or contribute to, the development of the resulting chloride current described by Parker & Miledi (1987) in a manner similar to the release of Ca2+ by tetrakisphosphate in electroporated L1210 cells as discussed by Cullen et al. (1989) .
Metabolism of inositol phosphates in oocytes of Xenopus laevis is also of interest because transient waves of increased free cytosolic Ca2+ occur for several minutes after fertilization of the eggs (Busa & Nuccitelli, 1985) , and some fertilization events are produced by microinjection of Ins(1,4,5)P3 (Picard et al., 1985) . It is possible that the 3'-phosphomonoesterase activated by protein kinase C as described here may prolong stimulatory signals from Ins(1,4,5)P3, Ins(l,3,4,5)P4 and any active higher inositol phosphates formed during stimulation by fertilization or appropriate agonists.
It is noted that small peaks eluting with chromatographic characteristics of InsPJ were also detected consistently on metabolism of Ins(1,4,5)P3 and Ins(1,3,4,5)P4 by Xenopus follicular oocytes after 25 min, in addition to those metabolites described above (McIntosh & McIntosh, 1990) .
